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CIRCUIT PROTECTOR 

FIELD OF THE INVENTION 

5 The present invention relates to a circuit protection device for use in an 

electronic apparatus, a battery-driven mobile electronic apparatus, etc.; more 
specifically, those circuit protection devices used in memory devices such as 
hard disk drives, optical disk drives built in personal computers or mobile 
personal computers. 
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BACKGROUND OF THE INVENTION 

Some of the circuit protection devices (hereinafter referred to as circuit 
protector) for protecting a circuit board or the like apparatus from an over 

15 current have been disclosed in, for example, Japanese Laid-open Patent 
Publications No. H02-43701, No. H05-120985, No. H03-201504 and so on. 
Along with the increasing popularity of downsized electronic apparatus, the 
demand is increasing for components of smaller dimensions. At the same time, 
requirements in characteristics of such components are becoming more 

20 stringent. 

A circuit protector disclosed in the Publication No. H02-43701 has an 
alumina substrate of flat sheet form provided with a nickel layer formed on the 
upper surface. The nickel layer is trimmed by a laser beam to form a narrowed 
portion. The electric current concentrates to the narrowed portion, which 
25 melts down upon an over current. 

In the circuit protectors of the above structure, the heat expected to 
concentrate to the narrowed portion easily diffuses through the substrate, since 
alumina substrate has a high thermal conduction coefficient. The heat escapes 
to wiring of a circuit board through terminals of a circuit protector. As a result, 
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fusing characteristics of a circuit protector tends to fluctuate depending various 
conditions such as wiring arrangement in the relevant circuit board, etc. 

Thus, the conventional circuit protectors are not capable of controlling 
the heat diffusion to a circuit board effectively. As a result, the pre-arcing 
time-current characteristics (hereinafter referred to as "characteristics") and 
other performance items remain out of a stringent control. 

A circuit protector disclosed in the Publication No. H05-120985 has a 
pair of conductive portions provided on an insulating substrate, and a fuse 
member is formed between the pair of conductive portions. The fuse member 
" 10 is covered with a JCR coating, which is further covered with a resin mold. 

The above-described structure is complicated and needs an increased 
tfl number of process steps. The problem on top of it is that dispersion in the 
5- characteristics is relatively wide. 

m Further, the Publication No. H03-201504 discloses a fuse resistor 

15 provided with a melt down portion between two terminals. The melt down 
j=* s portion is made by narrowing a resistor film by two end portions of not 

continuous grooves. 

The structure has a problem of wide deviation of characteristics, or pre- 
arcing times. 
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SUMMARY OF THE INVENTION 


A circuit protector of the present invention comprises a substrate, a 
conductive layer formed around the substrate, a narrowed portion formed on the 
25 conductive layer at a certain part, terminals formed at both ends of the substrate. 
The substrate has 1-30 % pores in a unit surface area in a vicinity of its surface. 
The present invention also relates to a structure relating to the mounting circuit 
protectors on a circuit board. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a circuit protector in accordance with an 
exemplary embodiment of the present invention. 
5 FIG. 2 is a drawing in part of a circuit protector in accordance with an 
^=^xemplary embodiment of the^resent invention. 

FIG. 3 is a perspective vie\Aof a circuit protector in accordance with an 
idxemplary embodiment of the present invention. 



FIG. 3(b) is a partial magnification of FIG. 3. 
□ 10 FIG. 3(c) is a partial magnification of FIG. 3. 


hj FIG. 4A is a side view of a substrate used in an exemplary embodiment of 

m the present invention. 


Ni 


FIG. 4B is a side view of a substrate used in an exemplary embodiment of the 
present invention. 
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fU 15 FIG. 5 is a side view showing a so-called "Manhattan phenomenon". 


FIG. 6 is a perspective view of a substrate used in an exemplary embodiment 
of the present invention. 

FIG. 7 is a graph showing a relationship between the peel-off trouble and the 
surface roughness in a substrate used in an exemplary embodiment of the 
20 present invention. 

FIG. 8 is a cross sectional view of a circuit protector in accordance with an 
exemplary embodiment of the present invention. 

FIG. 8(b) is a partial magnification of FIG. 8. 

FIG. 9 is a cross sectional view of other circuit protector in accordance with 
25 an exemplary embodiment of the present invention. 

FIG. 10 is a cross sectional view of other circuit protector in accordance with 
an exemplary embodiment of the present invention. 

FIG. 11 is a perspective view of other circuit protector in accordance with an 
exemplary embodiment of the present invention. 
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FIG. 12 is a perspective view of other circuit protector in accordance with an 
exemplary embodiment of the present invention. 

FIG. 13 is a magnification of the narrowed portion of a circuit protector, with 
a groove of 48 fim width. 
5 FIG. 14 is a magnification of the narrowed portion of a circuit protector, with 
a groove of 16 firn width. 

FIG. 15 shows a relation between circuit protector resistance vs pre-arcing 
time, at a 0. 5 A rated current. 

FIG. 16 shows a relation between circuit protector resistance vs pre-arcing 
S 10 time, at a 0. 5A rated current. 

^ FIG. 17 is a partial magnification of a substrate surface. (Pore area 43%) 

y3 FIG. 18 is a partial magnification of a substrate surface. (Pore area 15%) 

?n 

h* FIG. 19 is a perspective view of a circuit protector in accordance with an 

l» exemplary embodiment of the present invention. 

fy 15 FIG. 20(a) is a cross sectional view of a terminal in an exemplary 

,2 embodiment of the present invention. 

IsJ 

FIG. 20(b) is a cross sectional view of other terminal in an exemplary 
embodiment of the present invention. 

FIG. 20(c) is a cross sectional view of other terminal in an exemplary 
20 embodiment of the present invention. 

FIG. 21(a) is a perspective view of other circuit protector in an exemplary 
embodiment of the present invention. 

FIG. 21(b) is a perspective view of other circuit protector in an exemplary 
embodiment of the present invention. 
25 FIG. 21(c) is a perspective view of other circuit protector in an exemplary 
embodiment of the present invention. 

FIG. 21(d) is a perspective view of rfther circuit protector in an exemplary 
embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 


FIG. 1 is a perspectiveWiew of a circuit protector in accordance with an 
to exemplary embodiment of the\present invention. FIG. 2 shows the circuit 


protector of FIG. 1 as viewed from the direction Z, with part of the protection 
material 14 removed. X 

Referring to FIG. 1, a substrate 11 is made of an insulating material by 
a press molding, extrusion or the like process. A conductive layer 12 is 
formed on the substrate 11 using a printing, coating or plating method, or 

D 10 sputtering or other vacuum deposition process. A groove 13 is formed in the 

p 

UJ conductive layer 12 by irradiating a laser beam, or by mechanical method using 


P 


a grindstone. A protection material 14 is applied to cover an area of substrate 
[1= 11 and conductive layer 12 where the groove 13 is provided. Ends lib, 11c 

respectively represent terminal electrodes provided at both ends of the substrate 
15 11. A state of the conductive layer provided with the groove 13 is shown in 
detail in FIGs. 3(a) - 3(c). 

A narrowed portion 13a is provided at a part of the conductive layer 12, 
and is disposed in an vicinity of an area restricted by the two ends of continuous 
groove 13. A circuit protector of the present invention controls the fusing 
20 current at the narrowed portion by defining at least one item among the width of 
narrowed portion 13a and the layer thickness of conductive layer 12. It is 
manufactured based on specifications obtained and established through 
experiments with respect to such elements as the material for substrate 11, the 
material and layer thickness of conductive layer 12, and the width of narrowed 
25 portion 13a, so that the narrowed portion 13a melts when a 5A current flows 
between the ends lib and 11c. When an electric current of a certain specific 
value (e. g. 5 A) flows between the terminals 15 and 16, the narrowed portion 
13a melts down; thereby, the circuit protector protects a circuit board or the like 
(in the following recited as "board") or an electronic apparatus from getting 
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damaged. 

The grooves 13b and 13c are disposed between the narrowed portion 
13a and the end lib, and between the narrowed portion 13a and the end 11c, 
respectively. Referring to FIG. 1, the grooves 13b and 13c are formed on a 
5 face 100 and the next faces 101, 103 of the substrate 11; but not on the face 102, 
which is a face opposing to the face on which the narrowed portion 13a is 
disposed. The groove 13b is illustrated in detail in FIGs. 3 (b) and 3(c). By 
providing the grooves 13b, 13c, a time needed for the narrowed portion 13a to 
melt down can be made shorter and deviation in the characteristic can be made 
q 10 narrower, when an electric current in excess of a rated value flows and excess 
heat is generated. This is because the grooves prevent the heat from diffusing 
towards the ends lib, 11c, and the concentrated heat surely break the 
*•* conductive layer 12 at the narrowed portion 13a. 

U The grooves 13b, 13c, however, are not essential items for some of 

fy 15 circuit protectors that operate under certain operating environments. 
t i Preferred dimensions (length LI, width L2, height L3) for a circuit 

fsSt protector in the present embodiment are as follows: 

LI = 0. 5 - 2. 2 mm (more preferably 0. 8 - 1. 8 mm) 
L2 = 0. 2 - 1. 3 mm (more preferably 0. 4 - 0. 9 mm) 
20 L3 = 0. 2 - 1. 3 mm (more preferably 0. 4 - 0. 9 mm) 

If LI is smaller than 0. 5 mm, machining of a circuit protector is very 
difficult, and the productivity deteriorates; while a circuit protector whose LI is 
larger than 2. 2 mm is too large to contribute to the downsizing of a board and 
an apparatus using the board. 
25 If L2, L3 are smaller than 0. 2 mm, mechanical strength of the circuit 

protector becomes poor and easily breaks when it is mounted by a mounter on a 
board. On the other hand, a circuit protector whose L2, L3 are larger than 1. 3 
mm is too large to contribute to the downsizing of a board and an apparatus 
using the board. 
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L4, which is the step height of the ends lib, 11c from the middle part 
of substrate 11, should preferably be - 100//m. If L4 is less than 20/zm, 

a protection material 14 is compelled to be very thin if a fusion accelerator is 
applied on the narrowed portion 13a and covered by the protection material 14. 
As a result, the accelerator might be ill-affected by a mechanical shock during 
mounting operation, which would endanger a characteristic a circuit protector is 
expected to perform. If L4 is more than lOQam, mechanical strength of the 
substrate 11 becomes poor, which leads to an easily broken circuit protector. 

The above-configured circuit protector is described more in detail in the 
following. 

Shape of substrate 11 is described with reference to FIG. 3 and FIGs. 

4A, 4B. 

Referring to FIG. 3, cross sectional view of substrate 11 has a square 
shape in consideration of an easy mounting on a board. The same applies to 
the ends lib, 11c. Besides the square shape, the ends lib, 11c and the middle 
part 11a may have a polygonal shape, such as pentagonal, hexagonal or the like 
shapes in the cross section. 

In a substrate 11 of the present embodiment, faces in the middle part 
11a have been stepped down to a lower level from those of the ends lib, 11c, in 
order to provide in the middle part 11a a space for a protection material 14 so 
that it does not make contact with a board. If a circuit protector can be 
mounted on a board without having any difficulty, the circuit protector may 
have a substrate whose cross sectional shape remains the same through the 
whole part from the end lib to the end 11c. With a substrate of the foregoing 
shape, mechanical strength of a circuit protector improves, so is the 
productivity. 

It is preferred that the heights Zl, Z2 in FIG. 4A at the respective ends 
11c, lib fulfil the following conditions. 
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| Zl - Z2 | < (more preferably 50//m) 

If the difference between Zl and Z2 exceeds 80/im, provability of the 
Manhattan phenomenon starts increasing significantly. So, the difference 
should preferably be less than 50//m. 

Manhattan phenomenon refers to a trouble in which a circuit protector 
stands upright on a board during a process of soldering it on a circuit board, as 
shown in FIG. 5. This is caused by a surface tension of molten solder, which 
pulls a circuit protector at one end. When circuit protectors are placed on a 
board 200 with solders 201, 202 applied between the ends lib, 11c and the 
board 200, and the solders 201 and 202 melts during a reflow soldering or the 
like processing, some of the circuit protectors would stand upright in a 
revolving motion on one of the ends (11c or terminal 15 in FIG. 5). This 
phenomenon occurs when there is a difference in the amount between the 
solders 201 and 202. The difference results in a difference in the strength of 
surface tensions due to the molten solders 201 and 202. 

Manhattan phenomenon especially occurs with tiny and light-weight 
electronic components (including chip-type circuit protectors). When a 
component having a difference in the height between the ends lib and 11c is 
placed on a board 200 causing a slant posture, Manhattan phenomenon would 
take place. The phenomenon can be remarkably suppressed by controlling the 
difference between Zl and Z2 of a substrate 11 to be smaller than 80^m. If it 
is further controlled to be within SQum, occurrence of Manhattan phenomenon 
will substantially be eliminated. 

Next, the chamfering of a substrate 11 is described. 

FIG. 6 shows a perspective view of a substrate of a circuit protector. 
Edges lie, lid of the ends lib, 11c of substrate 11 are chamfered. Radius of 
curvature Rl at the chamfered edges lie, lid, and R2 at the edge llf of middle 
part 11a should preferably be as follows; 

0. 03 < Rl < 0. 15 (mm) 
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0. 01 < R2 (mm) 

When Rl is smaller than 0. 03 mm, the edges lie, lid are shaped too 
sharp, which means they can be easily broken by a slight mechanical shock and 
ill-affects the characteristics of a circuit protector. If Rl is more than 0. 15 
5 mm, the edges lie, lid are shaped too rounded, which means that it is prone to 
invite Manhattan phenomenon. If R2 is smaller than 0. 01 mm, the circuit 
protectors will have a wide deviation in the characteristics, since the edge llf 
readily produce burr which sometimes leads to a significant difference in the 
u thickness of conductive layer 12 between the flat part and the edge llf part, 
y 10 Material for the substrate 11 is described below. The material should 

F : 

W preferably have the following properties; 

n i 

CO Volume resistance: more than 10 13 Qm (preferably more than 10 14 Qm) 

- * - 

Coefficient of thermal expansion : lower than 5 x 10* 4 /°C (preferably 
L lower than 2 x 10 5 /°C) [20°C - 500°C] 

15 Bending strength : higher than 1300 kg / cm 2 (preferably higher than 

;J 2000 kg / cm 2 ) 

Density : 2 - 5 g / cm 3 (preferably 3 - 4 g / cm 3 ) 

In a case where the cubical resistance value of substrate 11 is less than 
10 13 Qm, the circuit protector does not operate satisfactory against an over 
20 current, since the substrate 11 also allows a certain amount of electric current to 
flow. 

A substrate 11 meeting the foregoing properties in thermal expansion 
coefficient substantially avoids possible crack troubles. This contributes also 
to prevent deterioration of the conductive layer 12, and wide deviation in the 
25 characteristic with the conductive layer 12 can be prevented. If the coefficient 
of thermal expansion of substrate 11 is higher than 5 x 10" 4 /°C, it would invite 
cracks due to heat shock, because when a substrate 11 undergoes a laser beam 
processing or machining with a grindstone for forming the groove 13 
temperature of the substrate 11 becomes high locally. 
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If the bending strength is lower than 1300 kg / cm 2 , the circuit protector 
might be broken during mounting on a board. 

If the density is lower than 2 g / cm 3 , rate of humidity absorption of the 
substrate 11 becomes high, which significantly deteriorates property of the 
5 substrate 11 and characteristics of a finished circuit protector. If it is higher 
than 5 g / cm 3 , weight of the substrate increases, which would lead to a trouble 
during mounting operation. A substrate whose density falls within the above- 
described range leads to a satisfactory results; which absorbs less humidity, 
u watery hardly creepes into the substrate 11, furthermore it is light in weight. 
2 10 So, such a circuit protector may be mounted by a chip mounter without any 

: s 

W trouble. 

ffi As described above, deviation of the characteristics among finished 

m 

circuit protectors can be suppressed and cracks in the substrate due to heat 
l'^ shock and the like can be avoided to reduce a failure rate, when the volume 
l Jf s 15 resistance, coefficient of thermal expansion, bending strength and density of the 
;M substrate 11 are well controlled. An increased mechanical strength of 

F : 

U substrate 11 contributes to the ease of mounting of finished circuit protectors; 
which leads to an increased productivity of board production. 

A ceramic material containing alumina as the main ingredient is one of 
20 the preferred materials for substrate 11. However, a substrate 11 made of such 
a ceramic material does not immediately yield the superior characteristics 
described in the foregoing. The favorable characteristics can only be obtained 
when substrates 11 are produced under controlled manufacturing conditions, 
which including such factors as the pressing pressure, the sintering temperature, 
25 and certain additives added. Some of the manufacturing conditions are; for 
example, a pressing pressure of 2 - 5 t, sintering temperature of 1500 - 1600 °C, 
sintering time of 1 - 3 hours. 

Next, description is made on the surface roughness of substrate 11. 
The surface roughness in the present invention refers to a center line average 
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roughness specified in JIS B0601. 

FIG. 7 shows a results of an experiment conducted with respect to the 
surface roughness of substrate versus peeling-off ratio of conductive layer 12. 
The substrates used in the experiment were manufactured under the conditions 
5 described below. 

Material for the substrate 11 is alumina, and copper for the conductive 
layer 12. Sample substrates 11 were manufactured to provide different surface 
roughness, and each of the respective substrate was provided on the surface 
with a conductive layer 12 under the same processing conditions. After each 
□ 10 of the samples was cleaned using an ultrasonicvibration, the surface of the 
Q conductive layer 12 was observed to check if there is peeled conductive layer. 

:: I 

[J Surface roughness of substrates 11 were measured using a surface roughness 

f r V measurement device (model 574A by Tokyo Seimitsu Surfcom) having a probe 

f\ of R = 5/um at the tip-end. 

| S3 

f u 15 As is shown in FIG. 7, the peeled conductive layer 12 is observed for as 

Si low as approximately 5 % with the substrates having average surface roughness 
2 below 0. 15/um. These substrates demonstrate satisfactory values in the 
coupling strength between the substrate 11 and the conductive layer 12. With 
those substrates having the surface roughness higher than 0. 2//m, the peeled 
20 conductive layer 12 is hardly observed, which means that the surface roughness 
of substrate 11 should preferably be higher than 0. 2/im. Percentage of peeled 
conductive layer 12 should preferably be lower than 5%, since the peeled 
conductive layer 12 is a major factor of causing deteriorated characteristics 
among the finished circuit protectors, and poor yield during production. Based 
25 on experimental results, preferable surface roughness with the substrate 11 is 
within a range of 0. 15 - 1. 0/zm, more preferably 0. 2 - 0. 8 jum. 

It is also preferred that the ends lib, 11c have a different surface 
roughness from that of the middle part 11a. Surface roughness at the ends lib, 
11c should preferably be smaller than that in the middle part 11a, with the 
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surface roughness at the ends lib, 11c falling within a range of 0. 15 - 0. 5//m. 
The ends lib, 11c become terminals 15, 16 by providing a conductive layer 12 
thereon. When surface roughness of the ends lib, 11c is controlled to be 
within the above-described range, surface of the conductive layer 12 formed 
5 thereon can also have a small roughness. The small roughness contributes to 
increase a tight attachment to a board; hence, a circuit protector can be surely 
connected to a board. 

It is preferable that surface roughness in the middle part 11a is greater 
^ than that at the ends lib, 11c. Reason is that when forming a groove 13 in a 

2 10 conductive layer 12 using a laser beam or other means after the layer is formed, 

U 

W the conductive layer 12 needs to be sticking tight on the substrate 11 so as it 
m does not peel off from the substrate 11. When a laser beam is irradiated for 
|1 forming the groove 13, temperature of the irradiated place steeply rises to a 
j\ level significantly higher than other area, and resulting heat shock sometimes 

LH 15 causes a peeled conductive layer 12. 

X 1 Thus the difference in the surface roughness between the middle part 

M 11a and the ends lib, 11c contributes to enhance a tight coupling between a 
circuit protector and the board, and to prevent the conductive layer 12 from 
peeling-off during the laser beam processing for forming groove 13. These 
20 factors eventually improve the characteristic of a circuit protector. 

In the present embodiment, the coupling strength between conductive 
layer 12 and substrate 11 is raised by adjusting the surface roughness of the 
substrate 11. Besides the above-described way of increasing the coupling 
strength, there is an alternative method for the purpose without performing the 
25 adjustment of surface roughness. In the alternative method, an intermediate 
layer is provided between the substrate 11 and the conductive layer 12, which is 
comprised of at least one of pure Cr and an alloy of Cr. The coupling strength 
can of course be enhanced further by first adjusting the surface roughness and 
then further forming the intermediate layer thereon. 
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As to the density of a substrate 11, it is preferred that it is lower in an 
area other than the area in which the narrowed portion 13a is provided. Since 
an area of lower density in the substrate 11 prevents heat diffusion, it can 
prevent diffusion of the heat generated at the narrowed portion 13a. 
5 Now conductive layer 12 is described. 

Material for the conductive layer 12 can be a conductive metal such as 
copper, silver, gold, nickel, aluminum, a copper alloy, a silver alloy, a gold alloy, 
a nickel alloy and an aluminum alloy. In order to improve the anti- 
weatherability and other characteristics, the copper, silver, gold, nickel, etc. may 
10 be added with a certain specific alloying element. A metal material and other 

F; conductive material may be combined together. In general cases, a conductive 

w 

fU layer 12 is made of copper or its alloy. When copper is used as the material 
CP for conductive layer 12, a substrate is first provided with an under layer through 
= ; electroless plating method and then a certain specific copper layer is formed on 

U { 15 the under layer by an electrolytic plating process. When making a conductive 
layer 12 with an alloy, it is preferable to use a sputtering or a vacuum deposition 
process. When a copper-tin alloy is used for a conductive layer 12, preferable 
thickness of the layer is 0. 4 fim - 15 //m. 

A conductive layer 12 may be formed in a laminate structure formed of 
20 conductive layers of different materials. For example, a conductive layer 12 of 
high anti-weatherrability can be provided by first forming a copper layer on a 
substrate 11, and then laminating thereon a layer of high anti-weatherable metal 
(such as nickel) to protect the copper from corrosion. An alternative way is 
first forming at least one of layers of copper and nickel on a substrate 11, 
25 laminating e. g. silver thereon, preferably a tin layer further on the silver layer. 

Method of forming a conductive layer 12 includes plating (electrolytic 
or electroless plating), sputtering, vacuum deposition, coating, printing or the 
like method. Among these methods, plating is often used because of its high 
productivity and least deviation in the layer thickness. 
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Surface roughness of a conductive layer 12 should preferably be lower 
than 1 jum, more preferably lower than 0. 2 /zm. When the surface roughness 
of a conductive layer exceeds 1 //m, thickness of the layer tends to deviate; then, 
the characteristic of finished circuit protectors also show a deviation. 

The conductive layer 12 in the present embodiment also includes a 
resistive layer of ruthenium oxide or the like. 

Next description is on a protection material 14. 

An organic material having a high anti-weatherability is used for the 
protection material 14; for example, an epoxy resin and the like insulating 
material. It is preferable that the protection material 14 is transparent so that 
groove 13 can be observed through it. It is, further, preferable that the 
transparent protection material is colored to a certain specific color retaining the 
transparency. When a protection material 14 is colored that is different from 
the color of, for example conductive layer 12 and the ends lib, 11c, each of 
constituent sections of a circuit protector can be easily distinguished, and can be 
easily inspected. Furthermore, if the protection material 14 is colored with red, 
blue or green, for example, in accordance with the size, characteristics, serial 
numbers or the like, it contributes to avoid mounting of other types of circuit 
protectors erroneously mixed together. 

It is preferred that a protection material 14 is applied so that a length Zl 
shown in FIG. 8, which is a length from edge of groove 13 to the surface of 
protection material 14, is more than 5 jum. If Zl is less than 5fim, a chance of 
discharge increases to result in a significant deterioration of characteristics of a 
circuit protector. The corners of a groove 13, among other places, need to be 
covered with the protection material 14 for more than 5/zm, since the discharge 
has a tendency to take place at the corners. If the corners are not covered with 
protection material 14 for more than 5ftm thick, the protection material 14 may 
also be plated when a plating process is applied once again, after the protection 
material 14 is formed, for forming e.g. an electrode layer. This would 
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deteriorate characteristics of a circuit protector. In a case where the groove 13 
is provided with a flame-resistant material, for example, and the flame-resistant 
material has enough humidity resistance and mechanical strength, the protection 
material 14 may be eliminated. 

Description is made on terminals 15, 16 in the following. 

Although terminals 15, 16 work sufficiently well when they are 
provided with a conductive layer 12 alone, it is preferred that the terminals has 
a multi-layer structure if a circuit protector is expected to be used under several 
kinds of environmental conditions. 

FIG. 8(b) shows a partial magnification of a terminal of circuit 
protector in an exemplary embodiment of the present invention. Referring to 
FIG. 8(b), a substrate 11 is provided at the end lib with a conductive layer 12 
formed thereon, a protection layer 300 of anti-weatherable nickel, titanium or 
the like materials is formed on the conductive layer 12. Further on the 
protection layer 300, a junction layer 301 of solder, lead-free solder or the like 
materials is provided. The protection layer 300 enhances, besides increasing 
mechanical strength of coupling between junction layer and conductive layer, 
the weather-resistive property of conductive layer 12. 

The protection layer 300 of the present embodiment is formed of at 
least one of nickel and a nickel alloy; junction layer 301 is a solder or a lead- 
free solder. Preferable thickness of the protection layer 300 (nickel) is 2 - 7 
//m; if it is thinner than 2 //m the weather-resistive property deteriorates, if it 
exceeds Ifivn the electric resistance of the protection layer 300 (nickel) 
increases and characteristics of the circuit protector significantly deteriorate. 
Preferable thickness of the junction layer 301 (solder) is 5 fim - 10 jum; if it is 
less than 5 jum a good junction between circuit protector and board is impaired, 
if it is more than 10 jum the Manhattan phenomenon easily occurs, resulting in a 
significant inconvenience in the mounting operation. 

The above-configured circuit protectors are highly resistive against 
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weathering, at the same time they are superior in both the ease of mounting and 
the productivity. 

Next, grooves 13b and 13c are described. 

The groove 13b is provided in between the narrowed portion 13a and 
5 the terminal 16, while the groove 13c between the narrowed portion 13a and the 
terminal 15. 

The respective grooves 13b, 13c are not formed in all of the faces of a 
substrate; as shown in FIG. 1, the grooves are provided in three faces, 100 and 
the adjacent faces 101 and 103. Namely, no groove 13b, 13c is provided on 
0 the face 102 opposing to the face 100. Thus the conductive layer 12 formed 
on the face 102 works as the electrical connection between the narrowed portion 
13a and the end lib, and between the narrowed portion 13a the end 11c. 

The grooves 13b, 13c reduces diffusion of the heat generated at the 
narrowed portion 13a towards the terminals 15, 16 via the conductive layer. 
§^^^^hen such a circuit protector is mounted on a board, diffusion of the heat to the 
board via terminals 15, 16 can be reduced, as a result the pre-arcing time can be 



shortened. A heat diffusion in the conductive layer 12 is shown in FIG. 2A. 
Without the grooves 13b, 13c, the heat\diffusion is as shown in FIG. 2B. The 
arrow in FIG. 2A, 2B indicate the route of heat diffusion. 
0 When a resistance of the constituent material forming a conductive 

layer 12 is homogeneous over the entire area, it is preferred that the width of 
conductive layer between both ends of the groove 13b and that of the groove 
13c are broader than the width of narrowed portion 13a. This arrangement 
makes electrical resistance in the narrowed portion 13a to be smaller than the 
5 electrical resistance of the conductive layer 12 in an area between the ends of 
the groove 13b. In the circuit protector of FIG. 1, since no groove 13b, 13c is 
provided on the face 102, the width of the face 102 equals to the width of 
conductive layer 12 between both ends of groove 13b, and that of conductive 
layer 12 between both ends of groove 13c. 
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Although the respective grooves 13b, 13c have been provided on the 
faces 100, 101 and 103 in the present embodiment, the grooves may be 
provided only on one face (e.g. face 100 only), or on two faces (e.g. faces 100 
and 101). 

5 Preferably, the face 100 on which a narrowed portion 13a is disposed 

and the adjacent faces 101, 103 are provided with the grooves 13b, 13c as is 
shown in FIG. 1. 

The grooves 13b, 13c should preferably be provided at least on the face 
u 100 where a narrowed portion 13a is disposed. Since the grooves contribute to 
y 10 suppress diffusion of the heat generated at the narrowed portion 13a and to 
W make the pre-arcing time short. 

m In the present embodiment, the grooves 13b, 13c have been provided so 

iii 

il that they reach the surface of the substrate 11, as shown in FIG. 3. As an 

alternative, only the conductive layer 12 may be removed selectively using an 
15 etching process, without forming any grooves 13b, 13c in the substrates 11, 
]M (Ref. FIG. 9). Or, as shown in FIG. 10, the grooves 13b, 13c may be formed 

M without cutting a conductive layer 12 thoroughly; the grooves may be formed in 

such a manner that layer thickness in the region corresponding to the grooves 
13b, 13c is thinner than that of the rest of the layer. In this configuration, it is 
20 preferred that the thickness of the layer corresponding to the grooves 13b, 13c 
is the thinnest in an area where the narrowed portion 13 is disposed. Because 
the heat conductivity of a layer becomes smaller in the thinned part, so the 
diffusion of the heat generated in the narrowed portion can be suppressed most 
efficiently at the area of thinnest layer. According to the above-described 
25 arrangement, the grooves 13b, 13c can be provided on all of the faces (faces 
100, 101, 102, and 103 in FIG. 1); thereby the heat diffusion can be suppressed 
more effectively. 

In the present embodiment, the groove has been provided for two, 13b 
and 13c. However, even one groove can reduce diffusion of the heat. 
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In the present embodiment, a conductive layer 12 is provided with 
grooves 13b, 13c. However, as illustrated in FIG. 12, the conductive layer 12 
may be provided with an area 120 of a square, a round or an oval shape, where 
no conductive layer 12 is formed. 
5 Furthermore, referring to FIG. 1, width Wl of the narrowed portion 13a, 

and space W2 between the groove 13 and the grooves 13b, 13c should 
preferably conform to a relationship; W2 Wl is more than 1. 15. Since this 
relationship provides a stable characteristic without accompanying an increased 
electric resistance. Wl is normally lQum - 4Q j am. 

□ 10 Preferred groove width W3 for the groove 13 is; 6//m < W3 < 45//m 

Q (more preferably, lljum < W3 < 40/^m). In order to assure a reliable fusion of 
the narrowed portion 13a, W3 should preferably be smaller than 45^m. With 

Y! respect to the characteristics and the productivity, W3 should preferably be 

f larger than 6//m. 

fU 15 The foregoing description is based on an experience that the time 

r? I 
I ~? 

Sj needed for fusing the narrowed portion 13a had a deviation among the circuit 
|T protectors manufactured in volume. After a detailed observation made on the 

narrowed portion, it was found out that the narrowed portion 13a had undergone 
a thermal damage. The damage seems to be relevant to the width W3 of 
20 groove 13, which was formed by laser beam irradiation. Namely, if a groove 
13, specifically in the part for forming the narrowed portion 13a, is formed for a 
large width, output and focus of a laser beam need to be increased accordingly. 
As a result, a thermal damage is caused in the narrowed portion 13a. FIG. 13 
is a magnification of a groove 13, formed with a targeted width W3 of 48/*m. 
25 It shows that the narrowed portion 13a between the groove 13 was ill-affected 
by a thermal damage and discolored. 

In the present embodiment, width W3 has been made to be smaller than 
45//m. Thereby, laser beam output was lowered and the thermal damage in 
narrowed portion 13a has been reduced. Thus, by making the width W3 to be 
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within a certain specified range, volume of heat generated at forming the groove 
13 can be lowered and the thermal damage in the narrowed portion 13a can be 
decreased. 

Groove 13 may be formed using a beam of YAG laser, Excimar laser, 
C0 2 laser or the like, which is focused using a lens, and irradiated to the middle 
part 11a of a substrate 11. The depth of groove 13 can be controlled by 
controlling the laser beam output, while the width by replacing a lens for 
focusing the laser beam. Absorption of laser beam differs depending on kind 
of materials forming the conductive layer 12. So, an appropriate kind of laser 
(wavelength of laser) has to be selected taking the material of the conductive 
layer 12 into consideration. 

Although a laser beam was used in the present embodiment because of 
the high productivity, other high energy-beam such as an electron beam may be 
used instead. 

The same problem of thermal damage arises when a groove 13 is 
formed using a grindstone or through a photo-lithographic process. If a wide 
grindstone is used, a substantial amount of heat is generated. So, it is 
important that the width of groove 13 is controlled to be within a certain 
specific range. 

FIG. 14 shows a state where a groove 13 is formed for a width W3 of 
16 /*m. In this case, hardly any discoloration is observed around the narrowed 
portion 13a. Deviation in the characteristic has been controlled to be very 
small among the circuit protectors manufactured in volume. 

Deviation in the pre-arcing time is shown in FIG. 15 and FIG. 16; that 
of circuit protectors having the grooves formed for the 48/zm width W3 (ref. 
FIG. 13) in FIG. 15, while those having the grooves formed for the 16jum width 
W3 (ref. FIG. 14) in FIG. 16. Graphs FIG. 15 and FIG. 16 show a relationship 
between resistance of a circuit protector and the pre-arcing time at a rated 
current of 0. 5A. As is seen from the graphs, deviation in the resistance and 
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the pre-arcing time is smaller with those of the width 16//m W3. After making 
further experiments, it has become known that when the width W3 falls within 
a range of 6//m < W3 < 45//m, a smaller deviation can be obtained among the 
circuit protectors manufactured in volume. Thus, by controlling the groove 
5 width W3 to be within a range of 6//m < W3 < 45/im, deviations in the 
resistance and in pre-arcing time of circuit protectors can be reduced. 

Circuit protectors of the present invention having a narrowed portion 
13a provide an already satisfactory characteristic. However, in order to make 
u deviation smaller in terms of a sure pre-arcing time, it is preferable to provide a 
y 10 fusion accelerator over the narrowed portion 13a or in the vicinity of the 
UJ narrowed portion 13a. The fusion accelerator may be applied covering only 
the narrowed portion 13a, or covering around the substrate 11. By applying it 
as such, even if the application work is not done very accurately, the fusion 
accelerator can be disposed surely on the narrowed portion 13a, as compared 
15 with a method in which the fusion accelerator is applied only on a small target 
spot. Furthermore, if it is disposed also in the grooves 13 forming the 
narrowed portion 13a, the narrowed portion 13a will have a contact with the 
fusion accelerator in the upper surface and at the side surfaces. This ensures a 
surer fusion. When a fusion accelerator is applied, the layer structure will be 
20 in the following order; a substrate 11, a conductive layer 12 (narrowed portion 
13a), a fusion accelerator and a protection material 14. 

The material for fusion accelerator includes, for example, a low 
melting-point glass containing e. g. lead, and the like material. 

Now in the following, relationship between pores in the surface of 
25 substrate 11 and the characteristic of circuit protector is described. 

In manufacturing circuit protectors, a conductive layer 12 formed on 
the surface of substrate 11 should have least defects. Namely, a conductive 
layer 12 having many defects naturally produces a narrowed portion 13a 
containing a lot of defects. This brings about a wide deviation with respect to 
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the characteristic. The inventors of the present invention found out that the 
formation of a quality conductive layer 12 depends on the good control of pore 
area per unit area of a substrate 11. 

Namely, a quality conductive layer 12 can be formed if the pore area 
5 per unit area in a slice of an area in the vicinity of surface of substrate 11 is 
controlled to be 1 % - 30 % (more preferably 8% - 23%). Disregarding the 
cost and the productivity in volume production, a substrate 11 having the pore 
area for less than 1 % may be used. 

Existence of the pore bears a significant relationship with heat 
10 conduction of a substrate. By optimizing a range for the pore area percentage, 
the characteristic of a narrowed portion can be further improved. 

The pore area per unit area was measured by an image-processing of a 
microscopic observation on a surface slice of substrate 11. 

FIG. 17 and FIG. 18 show surface condition of a substrate 11; where, 
15 the area shown in black represents the pore. 

FIG. 17 shows a slice having quite a number of pores with a substantial 
gross area; an approximately 43 % pore area per unit area. No favorable 
conductive layer 12 can be formed on such substrate 11; it brings about a wide 
deviation in the characteristic. The substrate 11 shown in FIG. 18 has a small 
20 number of pore with a small gross area; an approximately 15 % pore area per 
unit area. This substrate 11 can form a superior conductive layer 12 thereon 
with a least defect. And, a satisfactory characteristic is obtained. After 
conducting an elaborated survey in details, the inventors found out that those 
having a pore area for less than 30 % per unit area provide the circuit protectors 
25 with a sufficiently satisfactory characteristic. 

The pore can be easily controlled by adjusting such factors as the 
formation density, sintering temperature, the material (e.g. alumina content), the 
use of additives, etc. The sample substrate 11 shown in FIG. 18 is made of a 
material containing alumina of 55 weight %, and at least one additive among 
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Si0 2 , Na 2 0, MgO, CaO, K 2 O, Zr0 2 , etc. 

Even a substrate 11 having much pores can provide an improved 
characteristic, by first forming an insulating layer on the substrate 11, and then 
forming a conductive layer 12 thereon. By so doing, the pore area per unit 
5 area can be lowered and dissipation of the heat can be suppressed to an 
improved characteristic. 

An insulating layer having a thermal conductivity lower than 5. 0 W / 
(m • k) is formed on substrate 11 for 0. 01 jum - 1. 5 //m thick by means of 
vacuum deposition or sputtering, and then a conductive layer 12 is formed on 
10 the insulating layer. In this way, the pore area per unit area can be reduced, 
and the heat diffusion is suppressed. Thereby, the characteristic is improved. 

Preferred material for the insulating layer includes steatite, cordierite, 
mullite, forsterite and Si0 2 . It is preferable to form the insulating layer with at 

5? least one of the above materials. Use of Si0 2 , among others, provides a very 

M 

fU 15 low thermal conductivity and a suppressed pore. 
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Now in the following, a method for manufacturing the above- 
configured circuit protectors is described. 

A substrate 11 is manufactured by sintering a press molded or extrusion 
20 molded insulating material such as alumina. Then, a conductive layer 12 is 
formed over the entire surface of the substrate 11 using a plating method or a 
sputtering process. If the substrate 11 has too many pores, an insulating layer 
is provided by deposition or other method, as described earlier. 

Groove 13 in a herical arrangement, and grooves 13b, 13c are formed in 
25 the conductive layer 12 using a laser beam or by grinding. Depending on 
product specification, the grooves 13b, 13c may be eliminated. The groove 13, 
however, is essential for the formation of a narrowed portion 13a. The laser 
beam processing is highly productive and suitable in providing such grooves. 

The narrowed portion 13a is thus formed by the groove 13 provided by 
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using a laser beam. If a conductive member 110, 111 bridging the groove is 
needed as is explained in a separate example to be described later, it is provided 
at this stage of production, coupling the conductive layers 12. 

If required by an operating environment or by a specification, a 
5 protection material 14 is applied and dried. When a fusion accelerator is used, 
it is applied on the narrowed portion 13a before applying a protection material 
14. 

This completes a finished product. However, in a case where an 
additional anti-weathering property or junction performance is required, 
P5 10 terminals 15, 16 are further laminated with a nickel layer, and a solder layer. 

E _ t 

The nickel layer and the solder layer are plated after the application of the 

§ is? 

OB protection material 14. 
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fcSi Second embodiment 

15 A circuit protector in accordance with a second exemplary embodiment 

£j of the present invention is described with reference to FIG. 19. 

M 1 In FIG. 19, a substrate 411 comprises a substrate and a conductive layer 

412 provided on the substrate. The substrate is formed of an insulating 
material through a press molding or an extrusion molding, while the conductive 
20 layer 412 is formed on the substrate using a printing, coating or plating method, 
or by a sputtering or the like vacuum deposition process. A groove 413 is 
formed on the conductive layer 412 by irradiating a laser beam, or through a 
mechanical method using a grindstone or the like. Or, the groove 413 may be 
formed by a photo-lithographic process. Namely, the groove 413 may be 
25 formed by first providing a conductive layer 412 over the entire surface and 
then trimming it, or by defining a vacant region for the groove 413 before 
forming a conductive layer 412. A protection material is applied on a section 
of substrate 411 where the groove 413 is provided. The groove 413 and the 
protection material 414 are disposed between a terminal 415 and a terminal 416. 
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The protection material 414 may be eliminated depending on a product 
specification. 

A narrowed portion 413 formed between the groove 413 is a part of the 
conductive layer 412. The value of pre-arcing current is controlled by 
5 controlling at least one of width and thickness of the conductive layer in the 
narrowed portion 413a. In practice, when manufacturing a circuit protector of 
pre-arcing current of 5A, for example, elementary data on items required for 
satisfying the product specifications are studied and confirmed by experiments 
in advance. Such items include material of layer 412, the conductive layer 
10 thickness, the width in narrowed portion 413a, material for substrate, etc. 

y 

O Production activities are performed based on the above data obtained through 

fU the experiments. When electric current of a certain specific value (e.g. 5 A) is 

in 

m delivered, a circuit protector fuses at the narrowed portion 413a to protect a 
circuit board, or an electronic appliance, from being damaged by an over 
;~ 15 current. 

It is preferable that the circuit protectors of the present embodiment 
also conform to the relative relationship among length LI, width L2 and height 
L3 described in the earlier embodiment. 

A feature of the circuit protectors in the present embodiment is in the 
20 mounting structure where the side face 411a does not face to a board, and that 
cross sectional shape of the terminals 415, 416 is not a regular square, but it is a 
rectangle. 

In FIG. 19, width (L3) at faces 415a, 415b, 416a, 416b in terminals 415, 
416 is greater than width (L2) at side faces 415c, 415d, 416c, 416d. While, 
25 depth (L5) at the faces 415a, 415b, 416a, 416b as well as at the side faces 415c, 
415d, 416c, 416d remains substantially the same. 

In the configuration of FIG. 19, there is no narrowed portion 413a on 
the larger side faces 411c, 411d (opposing to each other); the narrowed portion 
413a is provided on the smaller side face 411a, or side face 411e which is 
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opposing to 411a. 

Next, description is made on a structure related to mounting of a circuit 
protector on the board. The point is that when a circuit protector is mounted 
so that the face 415a, 416a opposes to the board, a face containing the narrowed 
5 portion 413a, or a fusing section, never faces to the circuit board. Under such 
structure, most of the circuit protectors keep on showing a resistance higher 
than 10 kQ after fusion. 

Relative relationship between L2 and L3 should preferably be; 0. 4 < 
L2 -r L3 < 0. 90 (more preferably 0. 6 < L2 L3 < 0. 8). Formation of a 
□ 10 narrowed portion 413a becomes difficult if the L2 L3 is smaller than 0. 4. 
I?) When the L2 L3 is greater than 0. 9, there will be a risk that it is mounted 
erroneously on the smaller face. 

In 
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- In the present embodiment, the terminals 415, 416 have a rectangular 

m 15 shape in the cross section. Instead, they may take such other shapes as shown 
;J5 in FIG. 20. Namely, as shown in FIG. 20(a) and FIG. 21(a), the mounting face 
H 415a, 416a, 415b, 416b is made to be flat, while a side face 415c, 416c, 415d, 
416d is provided with at least one or more edges. In the foregoing contour, a 
circuit protector is hardly mountable on the side face 415c, 416c, 415d, 416d. 
20 Referring to FIG. 20(b) and FIG. 21(b), if cross sectional shape of the 

terminals 415, 416 is made to have an oval shape, a circuit protector will be 
mounted in a stable manner on a mounting face 415a, 416a, 415b, 416b in 
parallel with the major axis of the oval. It is hardly possible to mount it on the 
protruding side face 415c, 416c, 415d, 416d. 
25 Furthermore, the terminals 415, 416 may be formed to a shape of an 

isosceles triangle in the cross section, with the base being shorter than the other 
two sides as shown in FIG. 20(c) and FIG. 21(c). The sides 415a, 416a, 415b, 
416b are made to correspond to the mounting face, while the apex or the base to 
correspond to the side face 415c, 416c, 415d, 416d. By so doing, the 
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mounting face 415a, 416a, 415b, 416b can easily be positioned to face to the 
board. 

In the present embodiment, a certain specific face among a plurality of 
faces in the terminals 415, 416 is poised to be readily taking a position to face a 
5 circuit board, and mounted thereon as it is. The narrowed portion 413a is 
disposed on a face that is not parallel (preferably, at substantially right angle) to 
the certain specific face. In this way, the narrowed portion 413a is prevented 
from being positioned to face the board, and the insulating resistance after the 
fusion is raised. Namely, since the narrowed portion 413a is placed on a side 
□ 10 face not facing to the board, the protection material 414 will never be fixed by a 
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flux used during mounting operation. So, the protection material 414 can 
easily expand at the fusion heat to ensure the fusion at the narrowed portion 
413a. 

ni In the present embodiment, the middle part 411b having the groove 413 

m 15 has been shaped in a rectangular form, in resemblance with the cross sectional 
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lj form of the terminals 415, 416, and the narrowed portion 413a is disposed in a 
;=f narrow side face. However, it is also possible to form only the middle part 

411b in a square in the cross sectional form. The present embodiment offers 

the same advantage as described in the forgoing, if the narrowed portion is 
20 disposed on a side face that is not parallel (crossing at right angle) to the 

mounting face 415a, 516a, 415b, 416b, which being prone to face, or surely 

face, to the board. 

Still further, the middle part 411b may be formed in a round pillar as 
shown in FIG. 21(d). In this configuration, the groove 413 can be provided 
25 precisely and deviation of the characteristics can be narrowed. The same 
advantage as the foregoing example is obtained also in the present configuration, 
by disposing the narrowed portion 413a at a place which is not in parallel 
(crossing at right angle) to the mounting face 415a, 516a, 415b, 416b. 

Although the substrate 411 of the present embodiment is shaped in a 
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sort of a dumbbell form, where the middle part 411b is a step smaller in the 
whole circumference from the end parts, it may take instead a straight shape 
without having a shrunk part in the middle part. The simplified shape of 
substrate 411 contributes to the productivity during production. The substrate 
5 411 may be formed out of, for example, a material of rectangular body. 

Although the terminal of the present embodiment has a rectangular 
shape in a cross section sectioned by a Y Z plane, it may take a polygonal form 
instead. 

H 10 Third Embodiment 

□ A third exemplary embodiment of the present invention is described 

iij 

«■ with reference to FIG. 11. 

§y 

J5J In the present embodiment, the grooves 13b, 13c are formed around the 

f ^ entire substrate 11; hence, the conductive layer 12 is divided into a portion 

M 15 including the narrowed portion 13a and portions including the respective 

§ y 

m terminals 15, 16. Diffusion of heat generated in the narrowed portion 13a can 

*_ i 

f 4 be suppressed most effectively in the present configuration. 

The respective portions of conductive layer 12 are coupled by 
conductive members 110, 111 for electrically connecting the narrowed portion 
20 13a and the terminals 15, 16. The conductive member 110, 111 is made of a 
conductive material in the form of a conductive paste or a stick, a string or a 
sheet. It is preferable to place the conductive member 110, 111 at a location 
distant from the narrowed portion 13a. In an embodiment shown in FIG. 11, it 
is placed on a face 102, which is a face other than the face 100 containing the 
25 narrowed portion 13a. Under this configuration, heat conduction via the 
conductive member 110, 111 can be further suppressed. Especially preferred 
place for the conductive member is the face 102, which is locating opposite to 
the face 100 containing the narrowed portion 13. 

In the embodiment of FIG. 11, the grooves 13b, 13c have been provided 
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splitting a conductive layer 12. In some cases, provision of the grooves 13b, 
13c results in a significantly raised electrical resistance with the conductive 
layer 12. Even in such a case, the conductive member 110, 111 contributes to 
prevent the increase in electrical resistance of the circuit protector. 

In the present configuration, there is a possibility that a foreign staff 
within the groove 13b, 13c may impair the expected characteristics. A 
preferred precaution against such trouble is to fill the grooves 13b, 13c with a 
certain material whose thermal conductivity is lower than that of the conductive 
layer 12. A suitable material for the purpose is an organic material such as a 
several kinds of resist, a silicone resin or the like materials. 

As described above, the grooves 13b, 13c remarkably suppress the 
dissipation of heat generated from the narrowed portion 13a towards the 
terminals 15, 16. This shortens pre-arcing time of a circuit protector. Other 
advantage of the present configuration is a reduction of resistance of a circuit 
protector, which may increase by the provision of the grooves 13b, 13c. 
Namely, a conductive member 110, 111 disposed on the conductive layer 12 
bridging the groove 13b, 13c contributes to reduce and to narrow the deviation 
in the resistance of circuit protectors. The groove may be provided for only 
one groove, also in the present embodiment. 


